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ZHU Yudi, DAI Yanpei, WANG Lili, et al. Petrogenesis and tectonic significance of the Permian metabasalts in the southern
margin of the Songpan — Garze orogenic belt. Earth Science Frontiers, 2017, 24(6) . 098-109

Abstract: A set of bedded metabasalts occurred in the Permian strata, in the southern margin of the Songpan —
Garze orogenic belt. These rocks have apparent pillow and vesicular structures. In this paper, we performed
geochemical analyses on these rocks and studied their petrogenesis and diagenetic tectonic settings. The
metabasalts exhibit low SiO, contents (47. 56 %— 37. 98%) and Nb/Zr ratios and relative high abundance of
MgO (average 18. 95%), Mg (Mg” average value 74. 1) and Cr (average 171210 °). These geochemical
features indicate that the magma of their protolith was most likely derived from the depleted mantle and formed
mainly by the partial melting (20%— 25%) of garnet peridotite. Their MgO and Cr contents show a positive
correlation with the extremely low La/Sm (2. 86 — 1. 02), (Th/Yb)pu (2. 42— 0.56), (Th/Ta)pw (1. 21 — 0. 43)
and (La/Nb)py (1. 55 — 0. 27) ratios, suggesting fractional crystallization of the Cr-bearing minerals and no
contamination with crustal materials during the magma evolution processes. REE, trace element patterns and
tectonic discriminations show that the chemical compositions of metabasalts are similar to those of E-MORB
and N-MORB. In the field, the metabasalts are commonly sandwiched in the Permian marble, indicating a
mature back-arc basin setting. Combined with the fact that some ultrabasic rocks were also developed in the
Permian strata, we propose that the metabasalts are most likely a remnant of the Paleo-Tethys oceanic crust.
When compared with the chemical compositions of Emeishan basalts, it is clear that the Permian metabasalts in
the southern margin of the Songpan — Garze orogenic belt were not the products of the Late Permian Emeishan
basaltic magma activities.

Key words: geochemistry; petrogenesis; metabasalt; Permian; Songpan — Garze orogenic belt; Paleo-Tethys

ocean

i EHA:2016 —05-03;1&[E HHF:2016 — 08 - 02

ELTE: 76 /g A il 22 75 48 200 “ 5 22 R 567 15 B (201499010083) , B BF J i 1 %1 35 B (2015QHZ009) 5 14 JI| 45 # & T %L #F 35 H
(15ZB0058) 3 Ji AR b JTT 25 v O i AFBHF B & 300 H (T 3£ 2015]-05)

YEZ RN R EEQ986—) 2o 1l PP 0782 A A28 B RF L, E-mail:420132343@qq. com

CBITAEE R ACHEE (1986 B A, TN, FENFA A ST IRENIT. E-mail: diyeplas@foxmail. com

http://www. earthsciencefrontiers. net. cn #5474 ,2017,24(6)



e F 1, (CHEES, TR, 25/ # F 474 (Earth Science Frontiers)2017, 24 (6)

i OENEHRRLT OGN R AIPAT—BME T RN T TR E . 2L AAN B T AMKkME
BAEIME, AISABFTTEREAEZI>N, FRTEELERBAEREMNET T, TR EBE L ARG
SiO, B8 44 (47. 56 %~37. 98%) 55 Nb/Zr 44, & MgO(F 35 34 18. 95%) Mg 15 (F 3 4 74, D Fe Cr(F 3
A1 712X10° ) TR ZH, AR E ERATRAR T 50, £ 0 646 0B &K A 20%~25% 493
SR H R, B8 MgOL5 Cr 42 2R IFey EA %, BA ML La/Sm(2. 86~1.02) ,(Th/Ybh)pw (2. 42~
0.56) . (Th/Ta)py (1. 21~0. 43)Fa (La/Nb)py (1. 55~0. 27) pefh, 8 B R LT R ¥ K 4 T A% 5 469 5
BAEH AAAR T EHRGRE, XA EHL BMERSAVXBEMETRHNE R, EEHALERLE
EMORBZ N-MORBA# % , B RET . 5 XXX E X LN B LI EA SR RELE BFEXXER
BARTRG M T RIAGING RITRF, 5 FFTERFRARENEL  ALAAZELTZXETREZ Y
FRIEQE LA, BRI THE T MG HRELTHLN —E AT TR EFERBLERERE

99

7

KGR AT 2 B RE; R X KA =& R oG HIEL R SR F
HRE 4K S:P581;P588. 145 XHAFRER:A XEHRS 1005 - 2321(2017)06 — 0098 — 12

P — H A0 L (6 1 7 98 s IR AR AL L B i
TR A B B A0 s T RSO Ok AR L
Y 5 PERE P SO R E R R . K
AR o XA i —H A0 Ll o A TR ke L)
KRB S 26 0 3 Z R0 SR 28 R Y
FERAZRC AR HOk i an A AL TAN %
AL Y R AR TR AT . AR ST Y 4R
EAR D S 1 LAl B BR O A R Uil
26 Jm IO BERE 5 $2 (1L TR T L 2R 3 ) 4 i A )
ZHRN,

TERRN I —H 03 LAl A7 1 Il B oY 2% i 42 5
W KB ZAE R U (B Ta) YRR 28 B
R aERAR BB R 2T R AR
% S5 TR G TR B 1 B
e A Pt T A i b A B LA R SR TR
PES R ERE SR EF IR L
A (B 2a.b) 5 HAT W] i 8 bR A i 2 <
FLA3E (18] Zeod AT e) I 8 RAR AT AER R DI
KAVERIR =1 o 325 20 1k 1 2R WL B A 5 SCRR XS
HHATRIE . A SCHE T EFAMB T AR K% N A A
WS S a a2 AT SRR S s
AR S AR R

1 HE 5

B —H Aics Ly SR 2 BRI = A AR,
ALY 2. 2X10° km”, PEM DL S VT8 G MRS
T 7 e DR AT L AR 2% AR 1] Ll W 544 Sy S5 4% il
HOAHIE A6 L2204 1 11y S 5 A AU R B AR 48
iz s 2 Tl R s (e LR B E RN

(5~15 km) =& REIACHFAE AT H AT AR
Xt T E IR DGR A A A R R B 6ok A
I WL g A S L K 47 F il e 1 A
o AN H i Al AR T o AR R B TR
S IR e = Bt — R AR A
LA AR AR IVEIL () =& L 1= a1 A
B BA R R EA e REE 5 A AR Y
Fz%ﬂﬂo

VLIRS S R 5 AL T A B —H o ol
Mo (E 1. SRR 2 K F5 )
BTV A R m AT R A ARk
ARFENE KA . BT GRAT R S 1 A B U-
Pb EAZ AR 9 1 437 Ma. M I A 2 Sme
Nd S5 LARRE 1 677~1 674 Ma, R HAL A fiF
B AU A B O TIBUAE AT 5
ShTIRE BRI A B Z P R E — R e L CF
2,590/ Cu 24 JE 07 IR (& 1b) , H il Bt ¢ 4iE
S L B g AR o AL R AT RN E
SR 2 AL - (1) BB R VIR A AL A TR
BREMEG . AR E NSO RO AT
MO » TR I — A RO ) 40 4 B D10 3 5t 5
(2) B & WA HUTTLIR 5 B R 5 B i 4 2 26
RIS — AR R B B AR AR B
HHG (3 B RLRNRHE F AT F RS
G o5 TN 2 B 0 MO AT A S P D R B ke
ARFENE S 5 (4) =28 Z VG HERE LS B A [l LA
JB S Je i iR 3 e o L 5 5 R A D B4k B U1
Hefuh 1 o BRGy E TE A1 R A R i A T T
Vi 3 AN B —H A Ll Fi4s 5 08 G4 Bl AY
IR TR R AR R A s IR S S =

http://www. earthsciencefrontiers. net. cn #5474 ,2017,24(6)



e F W, (CHEES, T, 25/ b F 47 % (Earth Science Frontiers)2017, 24 (6)

(b)

B 1
= 5 —f A ERA T
74 He ¥ Ghkn B A Lt 4l
44°
e TR ; m
- RS - 'l’-.i}k it - HRR & - Kl CMD4-1-
CMD4-5
e i 2 e [@]am
[o]mwk [a]wwi TS b
B1 LREEEEFSEAMMEMLE @R KM TEOD

BB A SCERL7 D
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Fig. 2 Field and microscopic features of the Permian metabasalts
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1 TZXHREFERFIRRBETER
Table 1 Results of major elements, REE and trace elements of the metabasalts
wy/ % w,/107°
= Mg®  Ti/Y
SiO, TiO, ALO, Fe, O, MnO MgO CaO Na,O K,O P,0O; LOI Total La Ce Pr Nd Sm
TK6-1 37.98 0.77 7.55 10.06 0.12 15.00 17.30 0.36 0.24 0.03 10.34 99.75 74.7 287 1.8 4.6 0.71 4.6 1.76
TK6-2 37.99 1.1 10.28 11.74 0.10 17.40 11.85 0.25 0.09 0.06 854 99.40 74.6 428 3.4 8.7 1.23 6.7 2.49
TK6-3 43.53 1.15 10.42 12.24 0.09 18.85 7.96 0.31 0.11 0.19 4.81 99.66 75.4 451 2.5 6.8 1.04 5.8 2.05
TK6-4 41.60 0.75 7.91 10.14 0.10 14.30 15.10 0.48 0.20 0.04 8.18 98.80 73.7 363 2 4.9 0.76 4.3 1.75
CMD3-1 43.09 1.23 8.34 12.28 0.18 20.10 8.57 0.38 0.07 0.09 5.68 100.01 76.5 641 4.6 11.8 1.63 7.1 2.16
CMD3-2 47.56 0.78 5.25 10.94 0.14 22.20 7.91 0.23 0.03 0.05 4.74 99.83 80.1 632 4 9.7 1.29 5.5 1.57
CMD3-3 38.21 1.33 9.69 14.48 0.16 21.60 6.02 0.19 0.03 0.13 7.78 99.62 74.8 542 7.6 19.2 2.48 10.3 2.66
CMD3-4 42.16 1.26 8.68 12.59 0.17 19.50 8.74 0.43 0.22 0.10 5.8 99.71 75.5 624 5 12.3 1.69 8.7 2.20
CMD3-5 43.89 1.22 7.87 12.39 0.16 20.80 7.30 0.26 0.03 0.08 5.37 99.37 76.9 653 4.5 10.8 1.39 6.6 2.01
CMD3-6 41.25 1.28 9.07 12.96 0.15 22.60 5.47 0.32 0.02 0.09 6.49 99.70 77.6 816 4.5 10.5 1.44 6.5 1.66
CMD4-1 41.18 0.91 5.60 14.56 0.14 24.00 6.82 0.11 0.01 0.09 6.01 99.43 76.6 627 3.2 7.5 1.01 4.8 1.52
CMD4-2 38.29 0.59 4.93 12.54 0.15 30.30 3.16 0.06 0.01 0.06 9.56 99.65 82.7 553 2.1 5.5 0.75 3.9 1.18
CMD4-3 44.25 0.71 5.25 10.96 0.13 24.60 7.54 0.10 0.01 0.05 572 99.32 81.7 626 2.2 5.8 0.78 4.2 1.39
CMD4-4 40.71 2.03 15.13 13.35 0.18 7.51 14.60 2.53 0.53 0.04 2.63 99.24 52.8 507 7.5 19.2 2.8 13.1 3.92
CMD4-5 41.90 2.02 14.48 14.11 0.19 8.32 13.50 2.64 0.57 0.31 1.76 99.80 53.9 450 10.1 25.7 3.73 18.5 5.24
XP-12  40.94 1.59 10.02 14.30 17 17.30 7.59 1.14 0.10 0.05 6.66 99.86 70.6 477 6.8 15.8 1.96 10.4 2.90
XP-13  45.53 1.01 8.47 10.72 0.14 19.60 7.85 1.36 0.04 0.07 4.95 99.74 78.4 429 2.1 6.3 0.98 5.6 1.81
XP-14 43.01 1.14 9.20 12.70 0.14 20.30 7.12 0.97 0.03 0.09 5.34 100.04 76 471 3.5 9.3 1.45 6.6 2.09
XP-15 43.98 1.18 8.99 11.58 0.14 19.75 7.40 1.23 0.04 0.10 4.93 99.32 77.2 475 5.4 13.1 1.91 9.1 2.46
XP-16 44.28 1.18 10.22 11.92 0.15 15.90 7.84 2.06 0.04 0.07 6.22 99.88 72.6 495 3.4 9.2 1.38 6. 1. 88
XP-17 41.80 1.42 10.02 12.66 0.16 18.00 8.30 1.48 0.04 0.11 5.63 99.62 73.8 507 5.8 14.2 2.04 9.7 3.00
P /o Lol e oma /o
Eu GId Tb Dy Ho Er Tm Yb Lu XREE Yby Sm  Cs Rb  Sr Ba Nb
TK6-1 0.69 2.70 0.42 2.66 0.56 1.75 0.25 1.45 0.20 24.2 0.84 0.95 0.96 1.02 2.69 6.6 253.0 16.5 2.7
TK6-2 0.95 3.41 0.47 2.94 0.62 1.64 0.26 1.49 0.21 34.5 1.54 1.00 1.00 1.37 0.92 2.4 142.0 5.8 2.3
TK6-3 0.78 2.82 0.41 2. 88 64 1.82 0.24 1.35 0.20 29.3 1.25 0.99 0.99 1.22 0.82 2.7 43.1 7.7 2.6
TK6-4 0.76 2.11 0.36 2.27 0.51 1.40 0.19 1.15 0.19 22.7 1.18 0.93 1.21 1.14 2.06 6.2 308.0 13.8 2.8
CMD3-1 0.77 2.37 0.39 2.05 0.41 1.03 0.15 0.96 0.14 356 3.24 1.01 1.04 2.13 0.45 1.4 69.9 14.6 4.8
CMD3-2 0.39 1.81 0.29 1. 49 0.30 0.76 0.11 0.70 0.10 28.0 3.8 1.00 0.71 2.55 0.22 0.2 44.7 7.0 3.1
CMD3-3 0.66 3.38 0.51 2.80 0.55 1.48 0.20 1.23 0.19 53.2 4.18 1.03 0.67 2.8 0.12 0.9 59.9 188 5.1
CMD3-4 0.63 2.84 0.42 2.25 0.47 1.25 0.18 1.08 0.16 39.2 3.13 0.99 0.77 2.27 1.29 6.0 77.6 33.1 4.5
CMD3-5 0.49 2.41 0.40 2.14 0.46 1.02 0.14 0.82 0.12 33.3 3.71 1.01 0.68 2.24 0.59 0.4 31.6 4.0 4.4
CMD3-6 0.47 1.89 0.36 2.15 0.44 1.11 0.15 0.96 0.14 32.3 3.17 0.96 0.81 2.71 0.27 0.3 38.2 4.7 4.
CMD4-1 0.47 1.69 0.31 1.92  0.40 1.04 0.13 0.77 0.11 24.9 2.81 0.97 0.89 2.11 0.16 0.2 38.8 3.2 3.0
CMD4-2 37 1.29 0.21 1.20 0.25 0.63 0.09 0.53 0.08 181 2.68 1.03 0.91 1.78 0.27 0.2 44.6 5.8 1.7
CMD4-3 0.42 1.33 0.22 1.38 0.26 0.68 0.11 0.71 0.11 19.6 2.09 1.04 0.93 1.58 0.14 0.2 41.0 50 2.3
CMD4-4 1.45 4.75 0.82 4.65 0.94 2.28 0.33 2.15 0.33 64.2 2.36 0.98 1.03 1.91 0.41 1.8 1405.0 141.0 6.8
CMD4-5 1.87 5.90 1.00 5.31 1.13 2.74 0.37 2.34 0.37 84.3 2.92 0.98 1.02 1.93 0.50 1.8 858.0 371.0 7.2
XP-12  1.03 3.95 0.65 3.83 0.69 2.09 0.25 1.51 0.20 52.1 3.04 1.01 0.93 2.34 0.12 1.8 93.0 0.9 4.9
XP-13  0.81 2.97 0.40 2.54 0.57 1.43 0.20 1.23 0.19 27.1 1.15 1.02 1.06 1.16 0.27 0.6 32.6 8.3 8.0
XP-14 0.75 3.12 0.42 2.68 0.63 1.51 0.21 1.32 0.18 33.8 1.79 0.97 0.90 1.67 0.05 0.4 25.3 0.5 3.6
XP-15 0.73 3.14 0.50 2.72 0.58 1.64 0.21 1.19 0.16 42.8 3.07 0.96 0.80 2.20 0.12 0.3 29.8 0.7 6.8
XP-16 0.79 2.96 0.44 3.01 0.63 1.43 0.18 1.23 0.15 33.5 1.87 0.99 1.02 1.81 0.28 0.6 137.0 1.1 3.1
XP-17  0.82 3.43 0.52 3.31 0.63 1.69 0.26 1.38 0.18 47.0 2.84 0.97 0.78 1.93 0.01 0.4 48.1 0.5 5.3
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(B3 D
w,/107°
e (Th/Yb)py (Th/Ta)p  (La/Nb)py
Ta Zr Hf Th U Y Ga \ Cr
TK6-1 0.1 43 1.3 0. 14 0. 06 16.1 12.1 194 1380 0. 56 0. 68 0. 69
TK6-2 0.1 60 1.6 0. 25 0. 05 15.4 14. 6 213 1 900 0.97 1.21 1.53
TK6-3 0.1 60 1.9 0. 25 0. 05 15.3 14.7 309 2 040 1.07 1.21 1. 00
TK6-4 0.1 44 1.1 0.19 0.13 12.4 13.0 222 1 360 0. 96 0.92 0. 74
CMD3-1 0.2 62 1.6 0. 31 0. 10 11.5 13.9 230 2 030 1.87 0.75 0.99
CMD3-2 0.1 43 1.1 0. 19 0. 05 7.4 11.8 173 2 160 1.57 0.92 1.34
CMD3-3 0.3 73 2.0 0. 44 0. 25 14. 7 14.6 263 1950 2.07 0.71 1.55
CMD3-4 0.3 63 1.6 0. 36 0. 06 12. 1 14.5 236 1 800 1.93 0.58 1. 15
CMD3-5 0.2 61 1.6 0. 27 0. 09 11. 2 13.8 219 1 960 1.91 0. 65 1. 06
CMD3-6 0.3 66 1.7 0. 40 0. 09 9.4 15.6 223 2 040 2.42 0. 64 0.99
CMD4-1 0.2 45 1.1 0. 25 0. 06 8.7 9.4 211 2 930 1. 88 0. 60 1.11
CMD4-2 0.1 26 0.8 0.17 0. 05 6. 4 9.3 139 2 420 1. 86 0. 82 1.28
CMD4-3 0.1 37 1.1 0. 18 0. 05 6.8 9.8 145 2 290 1.47 0. 87 0.99
CMD4-4 0.4 111 3.0 0. 68 0.17 24.0 24.1 456 540 1. 83 0. 82 1. 14
CMD4-5 0.4 133 3.6 0.91 0.15 26.9 20.7 431 360 2.26 1.10 1. 46
XP-12 0.4 78 2.4 0. 37 0.18 20.0 14. 8 385 1480 1.42 0. 45 1. 44
XP-13 0.4 56 1.7 0. 36 0.22 14.1 13.9 208 1370 1.70 0. 43 0. 27
XP-14 0.3 57 1.8 0. 36 0.15 14.5 14.2 266 1670 1.58 0. 58 1.01
XP-15 0.4 58 1.7 0. 40 0.17 14.9 14. 4 234 1510 1. 95 0. 48 0. 82
XP-16 0.2 54 1.8 0. 26 0.13 14.3 14. 8 262 1310 1.23 0. 63 1. 14
XP-17 0.3 70 1.9 0. 46 0.18 16. 8 17.3 280 1450 1.93 0. 74 1. 14
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3.2 BiERETE
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